Abstract
I. Introduction
Agile software development methodology (ASD) which was introduced formally within last decades is a reaction to traditional methods (e.g. waterfall) which also are recognized as heavy-weight methods [1] . Since technology and industry grow too fast, requirements changes rapidly and so, new innovation of software development was introduced [2] . Four agile principles introduced as agile manifesto [3] , have attracted many software producers and software engineers to migrate from plan-based software development methodology to agile methods [4] - [5] - [6] - [7] - [8] . Also, focusing on user requirements and embracing of changes during development cycle causing customers to accept these methods as well as welcoming. Open Source Software Development (OSSD) is another famous approach which has been used increasingly in last decade. OSSD relies on skilled volunteers and their experiences in distributed teams [9] . However there is no specific definition, OSSD is defined as a revolutionary software process allowing source codes to be redistributed and modified freely and encourage developing software in a collaborating environment. This approach is also increasingly used in many projects and organizations [10] . Both ASD and OSSD provide many benefits and facilities that could be effective in software production. From the early years, the relationship between these approaches was studied [11] - [12] . Aim of this study is assessing of the relationship between ASD and OSSD, and if so, extent of the relation and probably integration of them by doing a systematic Literature Review (SLR) on simple and clear question in this regard.
In the next section we describe our method for conducting review, in section III results will be shown, in section IV we answer our questions and finally in section V, conclusion will be presented.
II. Method
The goal of this study is conducting SLR to assess the relationship between ASD and OSSD. We used guidelines proposed by Kichenham [13] for performing our study. The main steps are explained in the next parts of this section.
II.1. Research Questions
The addressed questions in this study are: RQ1: Could ASD and OSSD have any relationship? RQ2: Are practices of one of them applicable in the second? RQ3: Can they integrate with each other?
As regards to RQ1, it was important for us to know any possible relation between these approaches. Our aim was not to address adequately relation of them; we were only looking for finding any relation. If so, then we could focus on next questions.
As regards to RQ2, we were looking for finding any practices or rules in one them which could be applicable by the second. For this question, we focused on software engineering concepts in either method.
As regards to RQ3, We were looking for researches and case studies that had reported in combining, integrating or collaborating of both methods in software projects or organizations. We were looking for feasibility of 1 , Hazura Zulzalil 2 , Abul Azim Abd Ghani 3 , Abu Bakar Md Sultan 4 2 application of both methods simultaneously, even in many specific practices.
II.2. Research Process
Our search process for review was based on online searching in famous online databases which are addressed as table I. Since these databases cover almost all major journals and conference proceedings, manually review of journal was not required. Review has been carried on by mean of search facilities in these databases and using appropriate logical expressions. In first stage, our focus was on title and abstract of articles found in search process and select appropriate and relevant studies. If there was any doubt, our decision was based on reviewing it at one glance. If not sure for choosing it, in next step we asked an expert to help us in decision making. Our final step was direct contact to authors, which was not used in selection process. 
II.3. Inclusion and exclusion criteria
Papers which only had focused on one approach and did not discuss the other were ignored. There were some papers which were relevant to our study indirectly, but, in our defined process, we could not find them. This is not a threat for our review, because all appropriate papers were included and our review covered enough direct studies in this research.
II.4. Quality Assessment
For assessing studies we defined the following questions: QA1. Does study agree with existence of any relation between ASD and OSSD? QA2. Does study report any similar practice in both methods?
QA3. Does study report successful use of both methods simultaneously?
QA4. Is there any practice in one of them which is useful and helpful in the second? QA5. Is there any successful case study in integrating them?
QA6. Does study agree with feasibility of integration or collaboration of ASD and OSSD?
We scored questions as bellow:
QA1. Y (Yes) study explicitly agrees with existence of any relationship; P (Partially) study implicitly agrees and N (No) study disagrees with existence of any relation. QA2. Y, the authors address one or more similar practices; P, some of the ones practices could be tailored and customized in the second and N, there is no similar and adaptable practices in them.
QA3. Y, Authors address successful case study using both ASD and OSSD simultaneously; P, Authors address some case studies which use some of the ASD practices and some of the OSSD practices simultaneously and N, there is no case study of application of ASD and OSSD simultaneously.
QA4. Y, the authors report any useful practices of one that is applicable and helpful in the second; P, customized and tailored practices of each one, could be benefit in the second and N, there is no practice of each one, usable in the second.
QA5. Y, study addresses successful case study of integration of ASD and OSSD; P, study addresses case study of integration ASD and OSSD which is partly successful and N, there is no successful case study of integration of ASD and OSSD.
QA6. Y, study agrees with feasibility of integration of ASD and OSSD; P, study partly agrees (or implicitly) with integration ASD and OSSD and N, study rejects feasibility of integration between ASD and OSSD or has no idea about it.
We defined Y=1, P=0.5 and N=0 or Unknown where information is not clearly specified. All authors assessed every article and if there is no agreement in scoring, we discussed enough to reach agreement. For unknown questions we should ask study's authors via email and rescore question based on received answers.
II.5. Data Collection
These data were extracted from each article:
• The full source and references
• The author(s) information and details
• Research issues
• Main ideas and our questions related information and candidate answers All articles were reviewed and data was extracted by one person and checked by another. This idea was chosen for better consistency in reviewing all papers and improving quality of review. In any disagreement, authors discussed to reach to an agreement.
II.6. Data Analysis
Our collect data was organized to address:
• Whether study agrees with existence of any relationship between ASD and OSSD or not? (Addressing RQ1)
• Whether study mentions similar practice/concept in either methods or no? (Addressing RQ2)
• Whether study reports simultaneously application of two methods or no? (Addressing RQ2, RQ3)
• Whether study addresses any useful practice of one method that is applicable in the other or not? (Addressing RQ2 and RQ3)
• Whether study reports any successful integration of two methods or not? (Addressing RQ3)
• Whether authors believe that ASD and OSSD integration or collaboration is feasible or no? (Addressing QR3)
III. Results
In this section we explain results of our review. Table II shows the results of our selection procedure. In this table, results of searching in all databases are provided, but, some of the studies were repeated in more than one online database, so, final number of unique studies selected for our review was distinguished after elimination of repeated articles. Final selected studies are listed in table III.
III.1. Search Results

III.2. Quality evaluation of studies
During this phase, we found out that some of the selected articles however claimed to be related to both ASD and OSSD, but, they do not provide any valuable information to our research, so, we decided to delete them from scope of our study. List of this study and main reason for eliminating of them is provided in table IV.
Assessment of each study was done by means of criteria explained in section 2.4 and the scores for each of them are shown in table V.
III.3. Quality factors
For assessing results of our quality questions, we use average of total scores. This average is useful for some questions, but it is not useful for some other. For instance, we cannot answer the question about possibility of integration with average of scores because of the nature of the question; instead, we use negative ideas for rejecting possibility.
IV. Discussion
In this part, the answers to our study questions will be discussed.
IV.1. Relation between ASD and OSSD: yes or no?
Most of the articles agree that there are relationship between ASD and OSSD. By reviewing them, it seems that this relation is mostly in how to manage ASD and OSSD project. Also in some studies authors claim that OSSD is one type of ASD [11] - [14] . Hence, our research results support our first question strongly. It seems that most of the authors agree with the perception of relationship between two approaches. This relation sometimes could be found in comparing their features [15] - [16] .
IV.2. Support Practices
17 studies strongly believe that ASD and OSSD have similar practices. These similar practices mainly return to principles of ASD and OSSD; e.g. both of them rely on self-organized teams and shared goals in team inputs [17] . Of course they have different management [15] , but, teams are based on creativity of individuals. Another main common issue is incremental development. However there is different point of view about software development in these methods, but, multi releases is a common concept in both of them.
Nevertheless, only one half of studies present case studies that have used both methodologies simultaneously. In two studies, using TDD in an open source project was not only successful but also caused better code quality [18] - [19] . Three other studies were reported about one European project, 'PyPy'. However they had focused on different view, but, all had talked about successfully using ASD and OSSD simultaneously [20] - [21] - [22] . Eclipse was another project which has used ASD and OSSD simultaneously [23] . Interestingly, all of the papers agree that ASD and OSSD are able to support each other, even at least in some specific practices or areas [9] . One study explained how they used agile practices in a safety-critical open source project [9] . Authors had claimed that using these approaches together afford benefits to both of them. Another author had claimed that agile method helped his team to track the progress in open source project [24] . In some other studies, authors had tried to use concepts of one methodology to another, which were out of our scope [25] - [26] .
In sum up, our research shows that ASD and OSSD can help each other and collaborate in some practices. 
IV.3. Integration of ASD and OSSD
One critical issue in our study was integration of ASD and OSSD. We do not see any claim on comprehensive integration of these methods. Only about a quarter of studies have presented evidence about integration. We were looking for case studies which claim on integration of these methods directly, but we only found that there is collaboration between them and nothing more. It seems that authors were cautious about this matter in their case studies. Most of them implicitly believe that integration of ASD and OSSD is possible, at least in some specific practices or projects [27] .Meanwhile some studies did not disagree with possibility of ASD and OSSD integration [9] - [15] - [27] - [28] .Also some of them mentioned that adoption is a necessary activity for using ASD and OSSD together [29] . Three studies [23] - [30] - [31] , by presenting successful case studies and another one [32] , without any case study agreed with possibility of successful integration. So, we have not found any clear case study on successful integration of both methodologies, but it seems that integration in some practices is feasible by doing appropriate adoption. 
V. Conclusion
Software engineers in last decade have been interested in agile methodology and open source software development. Both of them present some new features and they seem beneficial for better and faster software development. By doing an SLR we were looking for relationship between ASD and OSSD. Fortunately our study shows that both ASD and OSSD can help each other and collaborate in doing software projects by sharing their practices. There are enough evidences that agile and open source practices can support each other, mainly because of some of their common concepts and principles. Also, however, there are a few successful experiences on integration of ASD and OSSD, but, most of the studies are optimistic in possibility of their integration, but there is no empirical successful case study for supporting this idea in software producing industry. 
